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Description 

[0001] This invention relates to an electrochemical 
cell for use in electrochemical deionisation and a meth- 
od for electrochemical deionisation. More specifically, 
though not exclusively, it relates to an electrochemical 
cell suitable for continuous operation when used for 
electrochemical deionisation and a method for electro- 
chemical deionisation. 

[0002] One method for the electrochemical removal 
of ions from aqueous solutions and onto ion exchange 
materials may be referred to as electrochemical ion ex- 
change or electrochemical deionisation; the method is 
described for example in UK patents GB 2 187 761 B, 
GB 2 240 551 B, GB 2 244 281 B and GB 2 244 282 B. 
It involves establishing an electrochemical cell compris- 
ing an aqueous solution as electrolyte, a working elec- 
trode and a counter electrode, where at least the work- 
ing electrode incorporates an ion absorbing material 
such as an ion exchange resin in particulate form with 
a binder, and applying a d.c. voltage between the elec- 
trodes. For example, to remove cations from an aque- 
ous solution, the working electrode incorporates a cati- 
on responsive ion exchange material and is made the 
cathode. One view of the mechanism is that at the elec- 
trode hydroxyl ions are generated by electrolysis of wa- 
ter, locally changing the pH , and the hydroxyl ions in turn 
produce active sites in the ion exchange material for ab- 
sorption of cations from the aqueous solution; an alter- 
native view of the mechanism is that hydrogen ions are 
displaced from the ion exchange material by cations 
from the aqueous solution, and migrate through the ion 
exchange material to the vicinity of the electrode where 
they are discharged. Subsequent reversal of the voltage 
enables the absorbed ions to be eluted so that the work- 
ing electrode can readily be regenerated. The working 
electrodes are permeable. 

[0003] Another method for the electrochemical re- 
moval of ions from an aqueous solution is that which is 
commonly known as electrodialysis. Electrodialysis is a 
technique which does not utilise electrode reactions and 
is an ion transport process which uses ion selective 
membranes which are substantially impermeable to wa- 
ter. The electrodes, in electrodialysis, merely apply the 
electric field necessary to induce ion transport across 
the membranes. The membranes used in electrodialy- 
sis are typically used in pairs of anion and cation selec- 
tive membranes and several such pairs of membranes 
can be arranged in a stack between a single pair of elec- 
trodes; they have a thickness which is typically in the 
range 0.15 to 0.6 mm. Very little water passes through 
the membranes, which are continuous homogeneous 
films; substantially the only water transferred is the wa- 
ter of hydration of the ions, and typically 100-200 cm^ 
of water is transferred per gram equivalent of ions. The 
ion selective membranes are not intended to store ions. 
[0004] The flow channel for the aqueous solution be- 
ing treated in an electrodialysis plant may be packed 



with a loose bed of ion exchange resin particles. This 
can improve the process of demineralisation. It has also 
been suggested (see EP 0 621 072 A) to pack the flow 
channel with a cloth consisting of a mixture of strongly 

5 acidic cation-exchange fibres, strongly basic anion-the 
exchange fibres, and ionically inactive synthetic fibres; 
the thickness of the cloth may be slightly thicker than 
the thickness of the flow chamber, so the cloth is closely 
packed into the chamber, each sheet of cloth extending 

10 parallel to the adjacent membranes and hence perpen- 
dicular to the electric field. 

[0005] According to the present invention there Is pro- 
vided an electrochemical cell for use in electrochemical 
deionisation which comprises a water-permeable layer 
15 of particulate ion absorbing material, a liquid compart- 
ment for a liquid undergoing treatment arranged so the 
liquid comes into contact with at least part of the layer, 
electrodes to apply an electric field across at least part 
of the layer so that ions move through the layer to 
emerge into an eluate zone, the layer being at feast 1 
mm thick in the direction of the electric field, and the 
particulate material being bound together by a binder so 
as to be coherent at least in the direction of the electric 
field, and means to ensure separation of the liquid un- 
dergoing treatment from the eluate zone, as defined in 
claim 1 . 

[0006] In a first arrangement the layer itself, although 
water permeable, provides sufficient separation be- 
tween the eluate zone and the liquid. In this case the 
layer is exposed to the liquid over its front face and to 
the eluate zone over its rear face; seals may be required 
at edges of the layer. 

[0007] In a second arrangement the layer Itself is 

much more permeable, and so is exposed to the liquid 
throughout its thickness. In this case a separate barrier 
layer may be required between the eluate zone and the 
liquid, and this barrier layer may be a layer of ion ab- 
sorbing material as discussed above, or alternatively an 
electrodialysis membrane. The layer itself may occupy 
the liquid compartment, and might be for example a ma- 
croporous structure such as a polyurethane gas filter 
foam (of density about 25 kg/m^) coated with the ion ab- 
sorbing material. 

[0008] The particulate material is typically of particle 
size between 50 and 500 )Lim, preferably about 100 |im. 
Alternatively it might comprise larger particles for exam- 
ple 0.5 to 4 mm in diameter, with smaller particles in the 
interstices between the larger particles. The thickness 
of the layer might be as much as 100 mm but is more 
typically no more than 25 mm thick, for example in the 
range 4 to 8 mm. The thicker the layer, the larger is its 
storage capacity for ions, and for some purposes a large 
storage capacity is advantageous. However a thicker 
layer will offer a larger electrical resistance, and so will 
raise the electrical power requirements of the cell. The 
binder holds the particles together but does not fill the 
interstices; a layer for use in the first arrangement typi- 
cally has a permeability to water in the range 10 to 200 
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litres m-2h-\ more usually in the range 25 to 130 litres 

m"2h*^ for example about 60 litres m ^lr^ (the pressure 
head in these cases being that in an operating cell, and 
so less than 1 m of water). 

[0009] The present invention also provides a method 
for the removal of ions from an aqueous liquid which 
comprises establishing an electrochemical cell by caus- 
ing the aqueous liquid, as cell electrolyte, to be present 
in the liquid compartment of such a cell, whilst applying 
a d.c. voltage between the electrodes such that ions are 
adsorbed into the layer, are stored within the layer, are 
transported through the layer, and are subsequently 
eluted from the layer into the eluate zone. If the separa- 
tion means is water-permeable then at the same time 
water from the electrolyte passes through the separa- 
tion means into the eluate zone, so producing in the el- 
uate zone an eluate solution. 

[001 0] The electrochemical cell and its method of use 
enable ions to be removed from an aqueous solution, to 
be stored within the cell and to be removed from the cell 
as a concentrated solution, without the need, as in con- 
ventional electrochemical ion exchange, for the reversal 
of polarity of the electrodes in the cell and elution back 
into the solution compartment. In some uses however 
one or more ionic species are selectively stored in the 
absorbing layer, and do not emerge into the eluate so- 
lution. Thus the cell may be operated in a substantially 
continuous fashion. In addition the electrochemical cell 
requires only one feed solution for continuous operation, 
unlike electrodialysis. 

[0011] One electrode may comprise a current feeder 
embedded within the ion absorbing layer. In this case 
the current feeder must be such that the combination of 
the feeder and the ion absorbing layer is permeable. 
Preferably in this case the ion absorbing material pro- 
vides a uniformly thin layer on the rear surface of the 
feeder, preferably less than 0.5 mm, and a uniformly 
thicker layer on the front surface. Alternatively the cur- 
rent feeder may be in contact with the rear surface of 
the ion absorbing layer, or may be slightly separated 
from the rear surface of the ion absorbing layer. In the 
latter case the rear surface of the ion absorbing layer, 
and a housing, together define an elution compartment 
which in use is filled with liquid, and the housing also 
defines an outlet port from the elution compartment. 
This outlet port may be provided with a valve. 
[0012] When the electrode current feeder is in inti- 
mate contact with the ion absorbing layer the electrode 
assembly may be made by coating the current feeder 
with an intimate mixture of an ion absorbing material and 
a solution of a binder in a suitable solvent (e.g. butadi- 
ene/styrene copolymer elastomer dissolved in 1,1,1 
trichloroethane) and drying to give a current feeder/ 
membrane composite electrode which may then be 
sealed around its edges to an assembly housing which 
has an outlet port. Such a composite electrode may be 
made in situ using a housing as a mould, and then 
sealed at its edges to the housing. 



[0013] The rear face of the ion absorbing layer may 
be adjacent to an internal surface of a housing such that 
there is a small gap of 0. 1 mm or more between the rear 
surface of the layer and the housing. If the electrode cur- 

5 rent feeder is not embedded in the layer this gap must 
be large enough to accommodate the electrode current 
feeder and therefore will typically be greater than 1 mm. 
This gap defines the elution compartment. The ion ab- 
sorber layer may be sealed to the housing by any sult- 

10 able means including for example the use of adhesive 
bonding or the use of gaskets. 

[0014] The ion absorber layer may have a range of 
different shapes. It may be a flat sheet. Alternatively it 
may be a cylindrical tube. It may form a continuous belt 

15 which is gradually fed through the cell. Furthermore it 
may be made by a variety of different processes such 
as solvent casting (as mentioned above), extrusion, hot 
pressing, or rolling. In every case the layer is itself water- 
permeable. The front and rear surfaces are usually 

20 smooth, but in some situations may instead be corru- 
gated, or shaped to form longitudinal rectangular chan- 
nels. 

[0015] Subject to the appropriate choice of materials 
and operating conditions the electrochemical cell of the 

25 invention may be used for the removal of cations or an- 
ions or both. If only anions (or cations) are to be re- 
moved, the second electrode is merely a counter elec- 
trode. When both anions and cations are to be removed 
simultaneously the second electrode may also be an 

30 electrode assembly as discussed above, incorporating 
a suitable ion absorbing material. Alternatively there 
may be two electrode assemblies and two counter elec- 
trodes, one pair of electrodes being used to remove cat- 
ions the other to remove anions. In this case the two 

35 counter electrodes may be replaced by a common elec- 
trode, and such a common counter electrode need not 
be electrically connected to either of the electrode as- 
semblies. 

[0016] The electrochemical cell housing may be 
"^0 made from any suitable material; a suitable material Is 
polymethylmethacrylate . 

[0017] The electrodes may for example be an amor- 
phous carbon felt or a graphite felt or a metal mesh of, 
for example stainless steel, platinised titanium, nickel or 

45 platinum. Other suitable materials are iridium and tan- 
talum oxide-coated titanium; and electrically conductive 
titania. The ion absorbing material may, for example be 
an ion exchange material such as those known in the 
art, for example AMBERLITE (Registered Trade Mark) 

50 IRC 50 and 84, which are weakly acidic cation resins, 
or IRN 78, which is a nuclear grade strongly basic anion 
resin (ex Rohm and Haas), or zirconium phosphate (ex 
Magnesium Elektron). Where selectivity to particular 
ions is required, other ion absorbing materials may be 

55 used, for example ferric Ions or lanthanum ions ab- 
sorbed onto amino-phosphonic acid ion exchange res- 
ins may be used to absorb arsenate or selenate ions 
selectively, while barium sulphate may be used to ab- 
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sorb radium ions selectively. The intimate mixture of 
binder and ion absorbing material may also include elec- 
trically conducting material such as graphite in finely di- 
vided form. Inert reinforcing fibres, for example glass fi- 
bres, may also be incorporated. The binder Is preferably 
an adhesive elastomer. 

[0018] If during continuous operation there Is an Irre- 
versible adsorption of ionic material Into the ion absorb- 
ing layer or layers then this may In some cases be re- 
moved by polarity reversal, or in some cases by addition 
of chemicals to change the pH in the solution compart- 
ment and/or the elutlon compartment. Advantageously 
this may be undertaken during maintenance periods, 
during start up periods prior to use or after extended use. 
This may if necessary also be undertaken during con- 
tinuous use. It Is not necessary for such a polarity re- 
versal to result in elutlon from the layer into the solution 
compartment as would be the case in the conventional 
use of electrochemical ion exchange; it is only neces- 
sary that It be sufficient to overcome the irreversible ad- 
sorption of ionic material into the layer. 
[0019] The invention will now be further described by 
way of example only, and with reference to the accom- 
panying drawings and examples in which: 

Figure 1 shows a sectional view of an electrochem- 
ical cell of the invention with a single electrode as- 
sembly; 

Figure 2 shows a sectional view of a modification of 
the electrochemical cell of Figure 1 wherein both the 
cathode and anode are electrode assemblies; 

Figure 3 shows a sectional view of an alternative 
electrochemical cell wherein neither of the elec- 
trodes are embedded In the Ion absorbing layers; 

Figure 4 shows a sectional view of an alternative 
electrochemical cell containing Ion exchange 
beads; 

Figure 5 shows a sectional view of an alternative 
electrochemical cell In which the solution compart- 
ment contains a foam; 

Figure 6 shows a sectional view of a stack of cells 
similar to those of Figure 3; 

Figure 7 shows a sectional view of two cells in which 
the solution compartment contains a foam; 

Figure 8 shows a sectional view of a cathodic pro- 
tection cell for concrete; and 

Figure 9 shows a sectional view of a modification of 
the cell of Figure 8. 

[0020] Referring to Figure 1 there is shown an elec- 



trochemical cell 10 comprising an electrode assembly 
11 and a housing 21 attached to each other to define a 
solution compartment 12. The electrode assembly 11 
comprises a platinised titanium mesh electrode current 
5 feeder 1 3 which is in contact with an electrode contact 
20 and which is embedded in a permeable layer 14 of 
Ion absorbing material formed from an Intimate mixture 
of a particulate ion exchange resin and an elastomeric 
binder and located within an assembly housing 15; the 
10 layer has front and rear surfaces 1 6 and 1 7. The ion ex- 
change layer 14 is sealed by adhesive sealant to the 
assembly housing 15 at Its edges 22. The rear surface 
1 7 of the membrane 1 4 is adjacent to a wall of the hous- 
ing 15 in which are a vent 18 and an elutlon port 19 but 
there Is a gap 23 about 0.1 mm wide between the rear 
surface 17 and that wall of the assembly housing 15. 
The housing 21 defines a solution inlet 24, and a solution 
outlet 25, and encloses a counter electrode 26 which Is 
in contact with an electrode contact 27. 

Example 1 

[0021 ] The cell 1 0 may be used for example to remove 
nitrate Ions from water; operation of the cell 10 will be 
described In relation to this use. 

[0022] In this case the layer 1 4 comprises a weak an- 
ion exchange resin. In operation, a solution of nitrate 
ions, for example calcium nitrate of concentration 1 mM, 
Is passed Into the solution compartment 12 via inlet 24 
and passes out of the cell through outlet 25; whilst inside 
the cell it is in contact with the front surface 16 of the 
membrane 14 and the counter electrode 26. A potential 
difference is applied between the electrode current 
feeder 13 (as anode) and the counter electrode 26 (as 
cathode) such that hydrogen ions are generated at the 
electrode current feeder 1 3 and move towards the coun- 
ter electrode 26; on doing so they interact with and ac- 
tivate the anion exchange material within the layer 14. 
The nitrate ions present in the solution move towards 
and into the layer 14 where they are adsorbed onto the 
activated Ion exchange material. The adsorbed nitrate 
ions move over a period of time, under the Influence of 
the applied field, towards the rear surface 1 7 of the layer 
14 and more nitrate ions are adsorbed at the front sur- 
face of the layer 14; the concentration of nitrate ions in- 
creases in the layer 14. In addition water from the solu- 
tion permeates the layer 14 and flows towards the rear 
surface 1 7; if the flow of eluate out of the port 1 9 is totally 
unrestricted the permeation rate is typically 60 litres 
m*2h-'' for a layer 14 which is 5 mm thick. This water 
transportation may also be partially due to an electroos- 
motic effect wherein water of hydration moves with the 
nitrate ions as they move. 

[0023] At an appropriate point, the elutlon port 1 9 may 
be opened to allow the permeating water and adsorbed 
nitrate ions to flow out of the cell 10. The concentration 
of nitrate ions in the eluate which emerges through this 
port 1 9 can be considerably higher than that of the so- 
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lution undergoing treatment, and can for example be as 
much as 0.5 M, this upper limit being set by the possi- 
bility of back-diffusion of concentrated solution from the 
rear of the layer 14 to the front. The port 19 may be 
closed initially, in order to allow the concentration of ni- 
trate ions to build up In the layer 14 before removal. 
Once the ion exchange capacity of the layer 14 is 
reached, a concentrated solution of nitrate ions in the 
form of nitric acid emerges from the port 19, the rate of 
adsorption of ions from the feed solution will equal the 
rate of elution of ions into the eluate, the cell will be in a 
steady state, and the concentration of the eluate is de- 
termined by the rate at which eluate is allowed to flow 
out of the port 19. If there is a build up of gases due to 
electrolysis of the solution then the vent 18 may be 
opened to remove the gas. It will be appreciated that 
this process leads to a slight increase in the pH of the 
feed solution, as the calcium nitrate is converted to cal- 
cium hydroxide. Such a cell 10 has been operated con- 
tinuously for a period of 6 months, producing 0.35 M ni- 
tric acid. 

[0024] Referring now to Figure 2 there is shown an 
electrochemical cell 30 comprising an electrode assem- 
bly 11 identical to that of Figure 1 , and an electrode as- 
sembly 31, spaced apart by a dividing section 32. The 
assembly 31 has an electrode current feeder 36 embed- 
ded in a layer 34 of Ion absorbing material, with an elec- 
trode contact 39, and differs from the assembly 11 only 
in that, whereas the layer 14 comprises an anion ex- 
change material, the layer 34 comprises a cation ex- 
change material. As with the layer 14, the layer 34 is 
permeable, being made of a mixture of a particulate ma- 
terial and an elastomeric binder. The dividing section 32 
has an inlet port 33 and an outlet port 35. All three sec- 
tions 11 , 31 and 32 define a solution compartment 37. 

Example 2 

[0025] The cell 30 may be used to remove both anions 
and cations from a feed solution. Its operation will be 
described in relation to treatment of a sodium nitrate so- 
lution. 

[0026] In operation of the cell 30 a solution of sodium 
nitrate, for example of 0.01 M, is caused to flow through 
the solution compartment 37 (via the inlet 33 and outlet 
35) and a potential difference is applied between the 
electrodes 20 and 39 such that the current feeder 13 is 
an anode and the current feeder 36 is a cathode. The 
layers 14 and 34 are activated by the appropriate elec- 
trode reactions and are able to adsorb the nitrate and 
sodium ions, respectively, from the solution. In addition 
water passes through each layer 14 and 34 during op- 
eration. Concentrated solutions of nitric acid and of so- 
dium hydroxide are removed from the cell 30, emerging 
through the ports 19 of the assemblies 11 and 31 re- 
spectively, in the same manner as described for the cell 
10 of Figure 1. It has been found possible to generate 
continuously eluate streams containing 0.5 M nitric acid 



and 0.7 M sodium hydroxide. 

[0027] Referring now to Figure 3 there is shown an 
electrochemical cell 50 which comprises two electrode 
assemblies 51 and 52, and a dividing section 53, a so- 
5 lution compartment 56 being defined by the section 53 
and opposed faces of the assemblies 51 and 52. Each 
electrode assembly comprises a housing 55 and a re- 
spective 8 mm thick permeable sheet or layer 54, 64 of 
ion absorbing material sealed around its edges by a gas- 
ket 57 to the housing 55 to define an elution compart- 
ment 58 between the housing 55 and the rear surface 
of the layer 54, 64. The layer 54 comprises particulate 
anion exchange material and a binder, while the layer 
64 comprises particulate cation exchange material and 
a binder. Each housing 55 defines an outlet 61 and a 
vent 69 for the elution compartment 58, and an iridium/ 
tantalum oxide-coated titanium electrode 62, 63 locates 
in this compartment 58 and has an electrode contact 59. 
The dividing section 53 defines an inlet 65 and an outlet 
66 and supports a counter electrode 67 with an elec- 
trode contact 68. 

[0028] The cell 50 is operated in a similar fashion to 
that described above in relation to the cell 30 of Figure 
2. The solution to be treated is caused to flow through 
the solution compartment 56 via the inlet 65 and outlet 
66. The elution compartment 58 may be primed with wa- 
ter or an electrolyte before the cell 50 is operated, or 
may be filled by solution permeating through the layers 
54, 64 from the compartment 56. The electrode contacts 
59 are connected to a power supply (not shown) such 
that the electrode 62 is an anode, and the electrode 63 
is a cathode. The counter electrode 67 may be electri- 
cally isolated, so it floats at a potential between those 
of the anode and cathode; alternatively it may be con- 
nected to an intermediate terminal on the power supply, 
and in this case the current supplied to the anode may 
differ from that supplied to the cathode. 
[0029] Once dynamic equilibrium has been achieved 
the anions removed from the feed solution emerge as 
an acidic eluate through the outlet 61 from behind the 
anionic exchanger layer 54, and the cations removed 
from the feed solution emerge as an alkaline eluate 
through the outlet 61 from behind the cationic exchanger 
layer 64. The rate of removal of ions depends on the 
current density through the corresponding ion exchang- 
er layer 54, 64; while the volume reduction factor de- 
pends on the rate of removal of eluate and the rate of 
flow of solution through the compartment 56. being ap- 
proximately equal to the ratio of solution flow to eluate 
flow. The flow rates may be controlled by respective 
valves and pumps. The current efficiency (ions trans- 
ferred per unit charge) increases with increasing solu- 
tion flow rate, possibly due to increasing turbulence. 
[0030] In the cell 50 the counter electrode 67 acts as 
part of the current path, and water is electrolysed at both 
its faces, generating hydroxyl ions at the face nearest 
the anionic exchanger layer 54 and hydrogen ions at the 
face nearest the cationic exchanger layer 64. The pres- 
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ence of the electrode 67 hence reduces the current ef- 
ficiency of the cell 50 because of competition between 
the hydroxyl and hydrogen ions and the anions and cat- 
ions from the solution, but the electrode 67 lowers the 
resistance of the cell 50 as it can be shaped to be close 
to both sides of the compartment 56, so the predominant 
resistance is that of the ion exchanger layers 54, 64. If 
the electrode 67 is omitted, then the cell 50 would oper- 
ate in a very similar fashion to that of Figure 2. 
[0031 ] The above discussion relates to the removal of 
most anions (such as nitrate, sulphate, phosphate, io- 
dide, chloride etc.), or to the removal of cations whose 
hydroxides are soluble (such as caesium or sodium). In 
all these cases the selectivity of the process tends to be 
governed by the rates of migration of the ions present 
through the solution. The discussion also relates to the 
removal of cations with sparingly soluble hydroxides 
from a feed solution. For example calcium hydroxide is 
saturated at a concentration of 16 mM; as long as the 
flow rate of the cationic eluate is such that the calcium 
concentration remains below 16 mM the process can 
operate continuously as described. 

Example 3 

[0032] A cell of the invention may be used to separate 
cations with an insoluble hydroxide from those with a 
soluble hydroxide. This will be described with reference 
to the cell 10 of Figure 1. In this case the layer 14 would 
comprise a weak cation-exchange resin (such as IRC 
50), and the current feeder 13 would be a cathode. 
[0033] If a feed solution containing for example sodi- 
um and cobalt ions is supplied to the compartment 12, 
both sodium and cobalt Ions pass into and are stored in 
the layer 14. The sodium ions emerge to form sodium 
hydroxide in the eluate compartment 23. Cobalt hydrox- 
ide is insoluble, so the cobalt ions remain in the layer 
14, and gradually build up in concentration. As the ion 
exchange capacity of the resin is exceeded the pres- 
ence of cobalt becomes apparent as a dark staining of 
cobalt hydroxide, but the rates of absorption of sodium 
and cobalt and the rate of transfer of sodium are unaf- 
fected by this build-up of cobalt. In one experiment the 
stored cobalt was equivalent to over 150% of the ex- 
change capacity of the ion exchange material in the lay- 
er 14; the cobalt may be partly bound to the resin and 
partly in the form of hydroxide in the pores of the layer 
14. 

[0034] The cobalt can then be removed from layer 1 4 
by supplying 0.1 M dilute nitric acid to the solution com- 
partment 12, filling the eluate compartment 23 with 0.1 
M dilute nitric acid, and applying a voltage to the cell 10 
in the normal way. The cobalt ions are then eluted to 
form cobalt nitrate solution (about 0.1 M). This process 
has been found to provide volume reduction factors for 
cobalt In excess of 2000. 



Example 4 

[0035] A cell of the Invention may be used to separate 
ionic species by an in situ precipitation process. This will 

5 be described with reference to the cell 50 of Figure 3. 
[0036] It is desired to remove radium ions from a so- 
lution containing other Ions such as sodium and calcium. 
In this case the cationic layer 54 is made of particulate 
barium sulphate (and a binder). The radium ions are 

10 trapped in the layer 54, forming radium sulphate (which 
is very insoluble) and displacing barium ions. All the oth- 
er cations pass through the layer 54 unaffected. No ra- 
dium could be detected In the cationic eluate. 

^5 Example 5 

[0037] Using a modification of the cell 50 of Figure 3 
it is possible to remove arsenate Ions H2As04* from a 
solution containing other anions such as bicarbonate 

20 and sulphate at much higher concentrations. 

[0038] Referring to Figure 4 an electrochemical cell 
60 comprises an electrode assembly 52 and a dividing 
section 53 identical to those in the cell 50, and an elec- 
trode assembly 71 which differs from the electrode as- 

25 sembly 51 In providing a wider elution compartment 72 
provided with an inlet 73 and an outlet 74 for a liquid 
undergoing treatment. No electrode is provided in the 
solution compartment 56 between the faces of the lay- 
ers 54, 64. The compartment 72 is filled with a readily 

30 permeable bed of 1 mm diameter beads 75 (only some 
of which are shown) of amino-phosphonic acid cation- 
exchange resin onto which lanthanum ions {La^+) have 
been absorbed. The liquid therefore contacts the sur- 
face of substantially every bead 75. 

35 [0039] The cell 60 is operated in two alternating phas- 
es. In the first phase the liquid to be treated Is supplied 
to the inlet 73 to flow through the compartment 72; no 
power supply is connected to the contacts 59. Arsenate 
ions are selectively absorbed by the beads 75 (whose 

^0 absorption sites mimic insoluble salts of arsenic acid). 
Bicarbonate Ions are also absorbed, as too are sulphate 
Ions to a limited extent, while chloride ions and nitrate 
ions pass through substantially unaffected. After a peri- 
od of operation (for example 12 hours) the absorptive 

^5 capacity of the beads 75 will be exhausted. 

[0040] The cell 60 is then operated in a regeneration 
phase, In which a power supply is connected to the con- 
tacts 59 so that the electrode 62 is an anode and the 
electrode 63 a cathode, and the liquid undergoing treat- 

50 ment Is supplied to the inlet 65 to flow through the solu- 
tion compartment 56. Substantially ail the ions are re- 
moved from the liquid, in the manner described in Ex- 
ample 2, forming an alkaline solution in the elution com- 
partment 58, while an acid solution Is formed In the elu- 

55 tion compartment 72. The decrease in pH causes the 
arsenate Ions to be desorbed from the beads 75, along 
with the bicarbonate ions (which break down to generate 
carbon dioxide gas bubbles). When the pH has de- 
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creased to about pH2, water is supplied through the inlet 
73 so a solution of (inter alia) arsenic acid emerges from 
the outlet 74. This can be precipitated as copper arse- 
nate (Cu3(As04)2), by the addition of copper sulphate 
or by generating copper ions electrolytically. 
[0041] The ion exchange beads 75 might be replaced 
with beads of a cationic resin onto which a different lan- 
thanide Ion Is absorbed, or onto which ferric ions are 
absorbed. A further alternative would use copper ions 
absorbed on Dow 2N (pyridyl tertiary ammonium 
groups). An alternative ion exchange material is zirconia 
(hydrous zirconium oxide), which may be used in the 
form of granules. Such granules, which may be about 1 
or 2 mm across, may be made by mixing zirconia with 
an elastomeric binder, allowing the mixture to set, and 
then breaking it up Into granules. In a modification the 
highly porous packed bed of beads 75 (or of granules) 
may be bonded into a highly porous but coherent struc- 
ture by use of an elastomeric binder. 
[0042] Zirconia absorbs arsenate Ions very strongly, 
so that if a cell 60 containing zirconia is eluted as de- 
scribed above, lowering the pH to about 2, then the other 
absorbed anions will be desorbed and eluted preferen- 
tially, leaving the arsenate ions absorbed. The absorp- 
tion operation (phase one) can be repeated, and the re- 
generation/elution operation (phase two), several times 
until a significant proportion of absorbing sites are oc- 
cupied by arsenate Ions. The arsenate can then be re- 
moved by carrying out the second phase long enough 
to lower the pH to less than pH 1 , or alternatively the zir- 
conia might be regenerated chemically. 
[0043] If the solution to be treated by the cell 60 also 
contains chloride ions it is desirable to separate the 
beads 75 from the anode 62 by a cation electrodialysis 
membrane, to prevent formation of chlorine during the 
electrolysis (regeneration) periods. If the solution to be 
treated contains bicarbonate ions as well as arsenate 
ions, the absorption of the former can be suppressed by 
supplying the solution to the cell 60 at a pH less than 7, 
possibly as low as about 4, so the bicarbonate ions form 
uncharged carbonic acid. This may be achieved by 
passing the solution through a pretreatment cell (not 
shown) In which an anode Is separated from a cathode 
by a layer 64 of cation exchange material (as in Figure 
3). The solution is passed through the anode compart- 
ment of the pretreatment cell, so its pH is reduced to 
between pH 6.5 and 5, for example pH5: it is then 
passed through the cell 60 as described above; and it 
is then passed through the cathode compartment of the 
pretreatment cell so the pH is returned to about pH7. If 
the solution also contains arsenlte ions (ASO2") these 
are also found to be absorbed by the zirconia. even in 
the pH range 5-6; at lower values of pH the arsenite ions 
are eluted more readily than arsenate ions. 
[0044] In the cell 60 the selectivity with which arsenate 
ions are trapped and removed from the water is deter- 
mined by the selectivity of the ion exchange material of 
the beads 75 because of the large surface area to which 



the water is exposed. This type of cell can therefore be 
more selective than the cells 10, 30, 50 discussed ear- 
lier. The cell 60 can also be used in exactly the same 
way to remove selenium in the form of selenites or se- 

5 lenates from water. 

[0045] An alternative modification to the cell 50 of Fig- 
ure 3 Is shown in Figure 5, to which reference is now 
made, which shows a cell 70 differing from the cell 50 
in that no electrode is provided within the solution com- 

10 partment 56, and in that the compartment 56 is filled with 
blocks 77 of low-density high-porosity ion exchanger 
foam. (Such blocks 77 could equally be used in the com- 
partment 56 of the cell 60). The blocks 77 may be made 
from a polyurethane gas filter foam of density about 25 

15 kg m"3, coating the walls of the pores with an Ion ex- 
changer material by dipping It into a slurry of particulate 
Ion exchanger In a solution of binder in a suitable sol- 
vent. This may be repeated to build up multiple coats; 
exchanger/foam densities of 400 kg m*^ have been 

20 achieved. The foam is then swollen by soaking in water 
for about an hour. The compartment 56 is then filled with 
a stack of blocks 77 of ion exchanger foam, each block 
77 occupying the entire width of the compartment 56 be- 
tween the layers 54 and 64, each block 77 incorporating 

25 a single type of Ion exchanger. In this example the type 
of ion exchanger is alternately cationic and then anionic 
up the stack (in the flow direction), there being six such 
blocks 77, three with cationic and three with anionic ex- 
change materials. The foam blocks 77 are readily per- 

30 meable to the liquid to be treated, and enable the selec- 
tivity for removal of ions from the liquid to be enhanced. 
[0046] Such a cell 70 may be used to generate deion- 
ised water: the conductivity of tap water has been re- 
duced to 40 |iS m-1 on passage through such a cell 70 

35 with just two foam blocks 77. Ions are trapped by the ion 
exchange material in the foam; hydrogen ions diffuse 
through the layer 54 from the anode 62 and hydroxide 
ions diffuse through the layer 64 from the cathode 63. 
These hydrogen and hydroxide ions elute trapped cati- 

40 ons and anions respectively, which migrate to (and 
through) the layers 64 and 54 respectively. 
[0047] The electrical resistance of such a cell 70 may 
be reduced, as discussed earlier, by providing a counter 
electrode along the centre of the compartment 56. In this 

45 case, all the ion exchanger foam between the counter 
electrode and an ion exchanger layer would be of the 
same type (cationic or anionic) as that layer. If the elec- 
trode polarities are unchanged then hydrogen and hy- 
droxide ions are generated at the surfaces of the counter 

50 electrode facing the cationic and anionic layers 64 and 
54 respectively. 

Example 6 

55 [0048] Where it is only desi red to remove cations from 
a liquid stream, all the foam blocks 77 in the cell 70 
would incorporate a cation exchange material. For ex- 
ample the cell 70 may be used to remove caesium ions 
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selectively from a liquid stream containing sodium ions 
at a higher concentration, using blocks 77 containing a 
resorcinol formaldehyde resin which absorbs caesium 
preferentially. In this case the cell 70 may be operated 
in two alternating phases, though in each phase the liq- 
uid stream is passed through the flow compartment 56 
and so through the blocks 77. In the first phase no power 
supply Is connected to the contacts 59, and caesium 
ions are absorbed selectively until the absorptive ion- 
exchange capacity of the blocks 77 is exhausted. In the 
other phase the power supply Is connected to the con- 
tacts 59 so that caesium ions (and some sodium ions) 
migrate through the blocks 77 and through the layer 64 
to emerge as an alkaline solution in the elution compart- 
ment 58. 

Example 7 

[0049] In an alternative example all the foam blocks 
77 in the cell 70 Incorporate a selective chelating ion- 
exchange resin (such as IRC 718) which selectively ab- 
sorbs transition metals. This may be used to remove 
cadmium from a liquid stream containing sodium. It may 
be operated In two alternating phases as in Example 6, 
or with the power supply continuously connected; but in 
either case, because cadmium hydroxide is not readily 
soluble the cadmium ions will gradually build up in con- 
centration in the cationic exchange layer 64 (as in Ex- 
ample 3). 

[0050] In both Examples 6 and 7 the cell 70 is only 
required to remove cations from the liquid stream, and 
in such a case both the layers 54 and 64 may comprise 
cation exchange material. One or both of the layers 54 
and 64 may be replaced by electrodialysis membranes, 
although in this case a separate liquid supply is needed 
to the respective compartments 58. For example in Ex- 
ample 7 the layer 64 might be replaced by a cationic 
electrodialysis membrane; and nitric acid be injected in- 
to the compartment 58 behind it, so that the cadmium 
ions elute into this acidic electrolyte. 

Example 8 

[0051] It will also be appreciated that if it is desired to 
remove only anions from a liquid, such as a liquid stream 
at pH6 containing unionised boric acid (500 ppm) and 
sulphate ions (15 ppm) from which the sulphate ions are 
to be removed, the cell 70 might have both the layers 
54 and 64 comprising anion exchange material, and all 
the foam blocks 77 also comprising anion exchange ma- 
terial (such as PrAOH, Puralite strong base resin). 
[0052] In the cell 70 of Figure 5 the flow compartment 
56 is occupied by blocks 77 of foam. These blocks 77 
provide a continuous ion-exchanger path across the 
compartment 56 and also provide a large surface area 
to be contacted by the liquid. The blocks 77 might be 
replaced by a stack of sheets of particulate ion ex- 
change material with a binder, as used in the layer 54 



or 64, but with ridged surfaces so as to define flow chan- 
nels between the sheets. Such sheets might be made 
by a hot-pressing process. Alternatively the foam blocks 
77 might be replaced by a high porosity fibrous struc- 

5 ture; such a structure can be made by spraying a thin 
jet of a mixture of particulate ion exchanger, binder, and 
solvent onto a plastic mesh substrate, the jet drying just 
as it reaches the substrate, so as to form a web of fibres. 
The fibres may be of diameter about 0.1 mm, and the 

10 web may be about 1 mm thick. Such a web might also 
be made on the other surface of the mesh. The mesh 
and webs are then cut into rectangular strips the width 
of the compartment 56 and stacked on top of each other 
in the compartment 56. 

15 

Example 9 

[0053] A feed liquid containing 10 ppm cobalt and 50 
ppm sodium ions has been treated by passing it through 

20 three cells based on the cell 70 of Figure 5, but in which 
both the layers 54 and 64 comprise a strong acid ion- 
exchange resin (PrCH resin). In cell A the flow compart- 
ment 56 was empty; in cell B the compartment 56 con- 
tained foam blocks 77 all containing PrCH resin; while 

25 in cell C the foam blocks 77 were replaced by a stack of 
fibrous webs containing PrCH resin. The concentrations 
of sodium and cobalt in the treated liquid were as fol- 
lows: 



cell A 


9.58 ppm Co 


44 ppm Na 


cell B 


1 .58 ppm Co 


12.5 ppm Na 


cellC 


0.58 ppm Co 


11.2 ppm Na 



[0054] A plurality of cells, for example of the type 
shown in Figure 3, may be arranged in series with the 
anode of one cell connected to the cathode of the next. 
Such an arrangement is shown diagrammatically in Fig- 
ure 6 to which reference is now made. The cell stack 80 
of Figure 6 includes three flow channels 81 for a liquid 
undergoing treatment, each with an Inlet and an outlet, 
and an electrically Isolated mesh electrode 82. To the 
left (as shown) of each flow channel 81 Is a permeable 
layer 83 of anion exchanger material (sealed by a gasket 
84) behind which is an electrode 85 in an anolyte com- 
partment 86 with a gas vent and an outlet duct. To the 
right of each channel 81 is a similar layer 87 of cation 
exchanger material, behind which is an electrode 88 in 
a catholyte compartment 89. At the ends of the stack 80 
the electrodes are connected to a power supply (not 
shown), while the Intermediate anodes 85 and cathodes 
88 are interconnected in pairs. The stack 80 operates 
in substantially the same way as the cell 50 of Figure 3. 
[0055] Referring now to Figure 7, an alternative cell 
90 is shown which includes two flow channels 91 for a 
liquid undergoing treatment, each with an inlet and an 
outlet. Each channel 91 is defined between two electro- 
dialysis membranes, an anion-selective membrane 92 
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to the left (as shown) and a cation-selective membrane 
93 to the right, and each channel 91 is filled with a stack 
of blocks 77 of very high permeability ion exchanger 
foam as described earlier. As discussed above, the type 
of ion exchanger in each block 77 might be alternately 
cationic and anionic up the stack (in the flow direction). 
The permeability is such that for a channel 91 of cross- 
section 1 cm by 5 cm, and of height 16 cm, the flow rate 
is 60 litre/hr for a pressure difference of % atm. An eluate 
chamber 95 between the two channels 91 is bounded 
by the two membranes 92 and 93 and defines a concen- 
trate outlet; eluate chambers 96 outside the two chan- 
nels 91 are defined between a membrane 92 or 93 and 
a housing 97, enclose electrodes 98 and 99, and define 
eluate outlets and gas vents. 

[0056] The cell 90 may be used to deionise water. In 
operation a power supply (not shown) is applied to the 
electrodes 98 and 99 to attract anions in the water to- 
wards the anion selective electrodralysis membranes 
92. Any ions in the water are effectively trapped as they 
permeate the highly porous blocks 77 of foam. The elec- 
tric field then causes the ions to migrate through the 
block 77 and through the appropriate membrane 92 or 
93 into either the eluate chamber 95 (from which a neu- 
tral concentrate emerges) or into one or other of the el- 
uate chambers 96. 

Example 10 

[0057] Cells of the invention may also be used in a 
context where there is no bulk flow of liquid, for example 
in the case of cathodic protection of reinforcing bars in 
concrete, to ensure that acid generated near the anode 
does not affect the concrete. 

[0058] Referring to Figure 8 a concrete structure 100 
is shown in which is a reinforcing bar 102. An external 
power supply (not shown) makes the bar 102 cathodic, 
and an external anodic electrode 104 is provided at the 
surface of the concrete. The electrode 104 is a mesh of 
manganese dioxide-coated electrically-conductive tita- 
nia and is spaced apart from the concrete surface by a 
permeable layer 106 of particulate anionic exchange 
resin initially in the -OH form, and a binder, about 10 mm 
thick, with a thinner layer 107 of particulate strong-acid 
cationic exchange resin and a binder, about 1 mm thick, 
above it. Above the electrode 104 is a gas-permeable 
protective layer 108 of non-woven polyethene mesh. 
The layer 106 is stuck to the concrete surface with pol- 
yvinyl alcohol (PVA) 105, cross-linked In situ. 
[0059] In operation, chloride ions are attracted to- 
wards the anodic electrode 1 04 and displace hydroxide 
ions from the layer 106. The layer 107 repels chloride 
ions, so no chlorine is generated at the anode (chlorine 
production being further suppressed by the electrode 
material), and the chloride ions are therefore trapped in 
the layer 1 06. At the electrode 1 04 the displaced hydrox- 
ide ions neutralize the hydrogen ions generated by elec- 
trolysis of water. 



[0060] An alternative approach is shown in Figure 9, 
where it is desired to discharge chlorine into the atmos- 
phere rather than to store it; identical components are 
referred to by the same reference numbers. In this case 

5 no cationic ion exchange layer is provided; instead there 
is a polytetrafluoroethene (PTFE)/zirconia layer 109 to 
protect the anionic exchange layer 106 from oxidation; 
and the anodic electrode 1 1 0 is one which favours chlo- 
rine evolution, such as conductive titania coated with ru- 

10 thenium oxide. 

[0061 ] The layers 1 06, 1 07 and 1 09 may be made by 
a hot pressing process. Ion exchange material, ground 
down to a desired size (e.g. 100 jim), is mixed with a 
binder in a solvent so all the particles are coated. The 

15 solvent is allowed to evaporate, and the material is 
ground to break up any lumps. The particulate material 
is then hot pressed (at 80-85*'C) to give the desired per- 
meable layer. 



1. An electrochemical cell (10.30,50,60,70,80.90) for 
use in electrochemical deionisation, which compris- 

25 es a water-permeable layer (14,34,54,64;77) of ion 
absorbing material, a liquid compartment 
(12,37,56) for a liquid undergoing treatment ar- 
ranged so the liquid comes into contact with at least 
part of layer, electrodes (13,26) to apply an electric 

30 field across at least part of the layer, the layer being 
at least 1 mm thick in the direction of the electric 
field, an eluate zone (23,58) which is not In direct 
liquid communication with the liquid compartment 
(12,37,56), and optionally further separation means 

35 (separate barrier layer) to ensure separation of the 
liquid compartment from the eluate zone, the ar- 
rangement being such that the electric field causes 
ions to move through the layer, and to emerge di- 
rectly or indirectly into the eluate zone, wherein el- 

40 ther 

(a) the said water-permeable layer provides a 
water permeability, between the liquid compart- 
ment and the eluate zone, in the range 10 litres 

45 m-2 h-^ to 200 litres m-2 h '' at a pressure head 

no greater than 1 m of water and ensures suf- 
ficient separation between the eluate zone and 
the liquid or 

(b) further separation means are provided 
50 which comprise 

(b^) a further water-permeable layer, the 
layer being at least 1 mm thick in the direc- 
tion of the electric field, and having a water 
55 permeability, between the liquid compart- 

ment and the eluate zone, in the range 10 
litres m-2 h-^ to 200 litres m-2 h ^ at a pres- 
sure head no greater than 1 m of water, or 
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(bg) an electrodialysis membrane (92, 93), 
and 

wherein the or each said water-permeable layer is 
of particulate ion absorbing material bound together 
by a binder so as to be coherent at least in the di- 
rection of the electric field, so as to define a coher- 
ent ionic pathway consisting of particulate material 
which selectively absorbs ions of a specific polarity. 

2. A cell as claimed in claim 1 wherein the liquid com- 
partment is bounded by two such separation means 
which separate the liquid undergoing treatment 
from two respective eluate zones. 

3. A cell as claimed in claim 1 or claim 2 wherein the 
said water-permeable layer (77) is highly permea- 
ble to the liquid. 

4. A cell as claimed in claim 3 wherein the layer (77) 
occupies the width of the liquid compartment. 

5. A cell as claimed in claim 3 or claim 4 wherein the 
layer (77) comprises a plurality of macroporous 
foam blocks incorporating particulate ion absorbing 
material. 

6. A cell as claimed in claim 5 wherein some of the 
foam blocks (77) incorporate an anion absorbing 
material and the other foam blocks (77) incorporate 
a cation absorbing material. 

7. A cell as claimed in claim 3 or claim 4 wherein the 
layer comprises a high porosity fibrous structure, 
the fibres incorporating particulate ion absorbing 
material. 

8. A method for the removal of ions from an aqueous 
liquid which comprises establishing an electro- 
chemical cell (10,30,50,60,70.80,90) by causing 
the aqueous liquid, as cell electrolyte, to be present 
in the liquid compartment of a cell as claimed in 
claim 1 , and applying a DC voltage between the 
electrodes (20,27; 39; 59) such that ions are ad- 
sorbed into the layer (14,34,54,64; 77), are stored 
within the layer, are transported through the layer 
as a result of the electric field, and are subsequently 
eluted from the layer, being transported into the el- 
uate zone (23, 58). 

9. A method as claimed in claim 8 wherein the sepa- 
ration means (54, 64) is water-permeable, and 
wherein water from the electrolyte passes through 
the separation means (54, 64) along with the trans- 
ported ions, into the eluate zone (58; 86, 89), so pro- 
ducing in the eluate zone an eluate solution. 

10. A method as claimed in claim 9 wherein an eluate 



zone (72) of the cell (60) contains an ion exchange 
material suitable for absorbing the ions, and where- 
in in a first stage the aqueous liquid is caused to 
flow through the said eluate zone (72) of the cell 

5 (60), with no d.c. voltage and so no electric field ap- 

plied, and then in a second stage an aqueous liquid 
is supplied to the liquid compartment (56) and the 
d.c. voltage is applied, the eluate solution so pro- 
duced in the eluate zone (72) being such as to 

^0 cause desorption of the ions absorbed on the ion 
exchange material (75). 

11. A method as claimed in claim 8 wherein the layer 
(77) is highly permeable to the liquid and occupies 

15 the width of the liquid compartment, the aqueous 
liquid is caused to flow through the liquid compart- 
ment, and wherein in a first stage no d.c. voltage 
and so no electric field applied, and then in a second 
stage the d.c. voltage is applied so ions absorbed 

?o in the layer (77) are transported into the eluate zone 
(58). 



Patentanspruche 

25 

1 . Elektrochemische Zelle (10. 30, 50, 60, 70, 80, 90) 
zur Venwendung bei der elektrochemischen Deioni- 
sation, umfassend eine wasserdurchlassige 
Schicht (14, 34, 54, 64; 77) aus einem ionenabsor- 

30 bierenden Material, eine Flussigkeitskammer (12, 
37, 56) fur eine einer Behandlung unterzogene 
Flussigkeit mit einer solchen Anordnung, dass die 
Flussigkeit in Kontakt mit mindestens einem Teil der 
Schicht kommt, Elektroden (13, 26), um ein elektri- 

35 sches Feld uber mindestens einen Teil der Schicht 
zu legen, wobei die Schicht in Richtung des elektri- 
schen Feldes mindestens 1 mm dick ist, eine Eluat- 
zone (23, 58), die nicht in direkter flussiger Kommu- 
nikation mit der Flussigkeitskammer (12, 37, 56) 
steht, sowie ggfs. auBerdem eine Trennvorrichtung 
(getrennte Sperrschicht), um die Trennung der 
Flussigkeitskammer von der Eluatzone sicherzu- 
stellen, wobei die Anordnung derart ist, dass das 
elektrische Feld bewirkt, dass die lonen sich durch 

45 die Schicht bewegen und direkt Oder indirekt in die 
Eluatzone gelangen, wo entweder 

(a) die wasserdurchlassige Schicht eine Per- 
meabilitat fur Wasser zwischen der Flussig- 

50 keitskammer und der Eluatzone im Bereich von 

10 Liter m-2 h"^ bis 200 Liter m-2 h-"" bei einer 
statischen Druckhohe von hochstens 1 m Was- 
ser zur Verfugung stellt und fur eine ausrei- 
chende Trennung zwischen der Eluatzone und 

55 der Flussigkeit sorgt, oder 



(b) zusatzliche Trennvorrichtungen zur Verfu- 
gung gestellt werden, umfassend 
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(b1) eine zusatziiche wasserdurchlassige 
Schicht, wobei die Schicht in Richtung des 
elektrisclien Feldes mindestens 1 mm dick 
ist und zwischen der Flussigkeitskammer 
und der Eluatzone eine Wasserdurchlas- 
sigkeit im Bereich von 10 Litem m-2 h"^ bis 
200 Litem m-2 h-"" bei einer statischen 
Druckhohe von hochstens 1 m Wasser hat, 
Oder 

(b2) eine Elektrodialysemembran (92, 93), 
wobei die oder jede wasserdurchlas- 
sige Schicht aus einem teilchenformigen 
ionenabsorbierenden Material besteht, 
das mit einem Bindemitte! so verbunden 
ist, dass es zumindest in Richtung des 
elektrischen Feldes zusammenhangend 
ist, um einen zusammenhangenden lonen- 
pfad zu definieren, bestehend aus teil- 
chenformigem Material, das lonen einer 
spezifischen Polarltat selektiv absorbiert. 

2. Zelle nach Anspruch 1 , in der die Flussigkeitskam- 
mer von zwei solchen Trennvorrichtungen begrenzt 

ist, die die einer Behandlung unterzogene Flussig- 
keit von den beiden jeweiligen Eluatzonen trennen. 

3. Zelle nach Anspruch 1 oder 2. in der die wasser- 
durchlassige Schicht (77) fur die FlCissigkeit hoch- 
permeabel ist. 

4. Zelle nach Anspruch 3, in der die Schicht (77) die 
Breite der Flussigkeitskammer einnimmt. 

5. Zelle nach Anspruch 3 oder 4, in der die Schicht 
(77) eine Vielzahl von makroporosen Schaumblok- 
ken umfasst. in dieteilchenformiges ionenabsorbie- 
rendes Material inkorporiert ist. 

6. Zelle nach Anspruch 5, in der in einem Teil der 
Schaumblocke (77) ein anionenabsorbierendes 
Material inkorporiert ist und in die anderen Schaum- 
blocke (77) ein kationenabsorbierendes Material in- 
korporiert ist. 

7. Zelle nach Anspruch 3 oder 4, in der die Schicht 
eine hochporose faserartige Struktur umfasst, wo- 
bei teilchenformiges ionenabsorbierendes Material 
in die Fasern inkorporiert ist. 

8. Verfahren zur Entfernung von lonen aus einer 
wassrigen Flussigkeit, umfassend die Einrichtung 
einer elektrochemischen Zelle (10, 30, 50, 60, 70, 
80, 90) dadurch, dass man dafur sorgt, dass eine 
wassrige Flussigkeit als Zellelektrolyt in der Flus- 
sigkeitskammer einer Zelle nach Anspruch 1 vor- 
liegt, und eine Gleichstromspannung so zwischen 
die Elektroden (20, 27; 39; 59) legt, dass lonen in 



die Schicht (14, 34, 54, 64; 77) adsorbiert, in der 
Schicht gespeichert, aufgrund des elektrischen Fel- 
des durch die Schicht geleitet und anschlieBend 
aus der Schicht eluiert werden, wobei sie in die 
5 Eluatzone (23. 58) transportiert werden. 

9. Verfahren nach Anspruch 8, bei dem die Trennvor- 
richtung (54, 64) wasserdurchlassig ist und Wasser 
aus dem Elektrolyt zusammen mit den transportier- 

10 ten lonen durch die Trennvorrichtung (54, 64) in die 
Eluatzone (58; 86. 89) flieBt. so dass in der Eluat- 
zone eine Eluatlosung erzeugt wird. 

10. Verfahren nach Anspruch 9. bei dem eine Eluatzo- 
15 ne (72) der Zelle (60) ein lonenaustauschermaterial 

enthalt, das fur die Absorption der lonen geeignet 
ist, und bei dem in einer ersten Stufe bewirkt wird, 
dass die wassrige Flussigkeit ohne Qleichstrom 
und damit ohne angelegtes elektrisches Feld durch 

20 die Eluatzone (72) der Zelle (60) flieBt. und eine 
wassrige Flussigkeit in einer zweiten Stufe dann in 
eine Flussigkeitskammer (56) eingespeist und die 
Gleichstromspannung angelegt wird. wobei die auf 
diese Weise erzeugte Eluatlosung in der Eluatzone 

25 (72) so beschaffen ist, dass die Desorption der auf 
dem lonenaustauschermaterial (75) absorbierten 
lonen bewirkt wird. 

11. Verfahren nach Anspruch 8, bei dem die Schicht 
30 (77) fur die Flussigkeit hochpermeabel ist und die 

Breite der Flussigkeitskammer einnimmt, die wass- 
rige Flussigkeit dazu veranlasst wird, durch die 
Flussigkeitskammer zu flieBen, In der in einer er- 
sten Stufe keine Gleichstromspannung und daher 
35 kein elektrisches Feld angelegt wird, und in einer 
zweiten Stufe dann die Gleichstromspannung an- 
gelegt wird, so dass die in der Schicht (77) absor- 
bierten lonen in die Eluatzone (58) transportiert 
werden. 

40 

Revendications 

1. Cellule electrochimique (10. 30, 50, 60. 70, 80, 90) 
45 destin6e k etre utilis6e pour la desionisation elec- 
trochimique, comprenant une couche permeable a 
I'eau (14, 34, 54, 64 ; 77) d'un materiau absorbant 
les ions, un compartiment de liquide (12, 37, 56) 
pour un liquide subissant un traitement agence de 
50 fagon que le liquide vienne en contact avec au 
moins une partie de la couche, des electrodes (13, 
26) pour appliquer un champ electrique sur au 
moins une partie de la couche, la couche ayant une 
epaisseur au moins de 1 mm dans la direction du 
55 champ electrique, une zone d'eluat (23, 58) qui 
n'est pas en communication liquide directe avec le 
compartiment de liquide (12, 37, 56) et de fagon op- 
tionnelle d'autres moyens de separation (couche de 
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barrlere separee) pour assurer la separation du 
compartiment de liqulde de la zone d'eluat, I'agen- 
cement etant tel que le champ electrique provoque 
le deplacement des ions a travers la couche at leur 
sortie directement ou indirectement dans la zone 5 
d'eluat, dans laquelle 

(a) ladite couche permeable k I'eau assure une 
permeabillte a I'eau, entre le compartiment li- 
quide et la zone d'eluat, dans la plage de 10 io 
litres m-2h-i a 200 litres m ^h'^ avec une pres- 
sion de tete qui n'est pas superleure aim d'eau 

et assure une separation suffisante entre la zo- 
ne d'eluat et le liquide, ou 

(b) d'autres moyens de separation sont prevus is 
comprenant 

(b1) une autre couche permeable a I'eau, 
la couche ayant une epaisseur au moins 
de 1 mm dans la direction du champ 6lec- 20 
trique et presentant une permeabillte a 
I'eau, entre le compartiment de liquide et la 
zone d'eluat, dans la plage de 10 litres 
m'^h'^ a 200 litres m ^h'^ avec une pres- 
sion de tete qui n'est pas superleure ^ 1 m 25 
d'eau, ou 

(b2) une membrane d'electrodialyse (92, 
93), et 

dans laquelle ladite couche ou chaque dite 30 
couche permeable a I'eau est faite d'un materiau 
particulaire d'absorption d'ions lie par un liant de fa- 
gon a etre coherent au moins dans la direction du 
champ electrique. de maniere a definir un chemin 
ionique coherent constitue d'une matiere particulai- 35 
re qui absorbe les ions d'une polarite specifique de 
maniere selective. 

2. Cellule selon la revendication 1, dans laquelle le 
compartiment de liquide est delimite par des 40 
moyens de separation qui separent le liquide subis- 
sant le traitement de deux zones d'eluat respecti- 
ves. 

3. Cellule selon la revendication 1 ou la revendication 45 
2, dans laquelle ladite couche permeable a I'eau 
(77) est fortement permeable au liquide. 

4. Cellule selon la revendication 3, dans laquelle la 
couche (77) occupe la largeur du compartiment de so 
liquide. 

5. Cellule selon la revendication 3 ou la revendication 
4, dans laquelle la couche (77) comprend une plu- 
ral ite de blocs de mousse macroporeuse compor- ss 
tant un materiau particulaire absorbant les ions. 

6. Cellule selon la revendication 5, dans laquelle cer- 



tains des blocs de mousse (77) comportent un ma- 
teriau absorbant les anions et les autres blocs de 
mousse (77) comportent un materiau absorbant les 
cations. 

7. Cellule selon la revendication 3 ou la revendication 
4, dans laquelle la couche comprend une structure 
fibreuse de haute poroslte, les fibres comportant un 
materiau particulaire absorbant les ions. 

8. Procede pour le retrait des ions d'un liquide aqueux 
comprenant la realisation d'une cellule electrochi- 
mique (10, 30, 50, 60, 70, 80, 90) en provoquant la 
presence du liquide aqueux, comme electrolyte de 
cellule, dans le compartiment de liquide d'une cel- 
lule selon la revendication 1 et en appliquant une 
tension continue entre les Electrodes (20, 27 ; 39 ; 
59) de fagon que les ions soient adsorbes dans la 
couche (14, 34, 54. 64 ; 77), soient stockes a I'inte- 
rieur de la couche. soient transport's a travers la 
couche en consequence du champ electrique et 
soient ensuite elues de la couche, etant transportes 
dans la zone d'eluat (23, 58). 

9. ProcedE selon la revendication 8, dans lequel les 
moyens de separation (54, 64) sont permeables a 
I'eau et dans lequel I'eau provenant de {'electrolyte 
traverse les moyens de separation (54, 64) avec les 
ions transportes, dans la zone d'eluat (58 ; 86, 89) 
produisant ainsi dans la zone d'eluat une solution 
d'eluat. 

10. Procede selon la revendication 9, dans lequel une 
zone d'eluat (72) de la cellule (60) contient un ma- 
teriau d'echange d'ions convenable pour absorber 
les ions et dans lequel dans une premiere etape le 
liquide aqueux est amen' a s'ecouier k travers la- 
dite zone d'eluat (72) de la cellule (60) sans aucune 
tension continue et ainsi sans champ electrique ap- 
plique puis, dans une deuxieme etape, un liquide 
aqueux est fourni au compartiment de liquide (56) 
et la tension continue est appliqu'e, la solution 
d'eluat ainsi produite dans la zone d'eluat (72) etant 
telle qu'elle provoque la desorption des ions absor- 
bes sur le materiau d'echange d'ions (75). 

11. Procede selon la revendication 8, dans lequel la 
couche (77) est fortement permeable au liquide et 
occupe la largeur du compartiment de liquide, le li- 
quide aqueux est amene a s'ecouier a travers le 
compartiment de liquide et dans lequel dans une 
premiere etape, aucune tension continue et ainsi 
aucun champ electrique n'est applique puis dans 
une deuxieme etape, la tension continue est appli- 
quee de sorte que les ions absorbes dans la couche 
(77) sont transportes dans la zone d'eluat (58). 
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Fig.6. 
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